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Abstract 
In the present paper, using an urban water supply and distribution system as a case study (city of Kozani, Greece), the 
components of the full water cost (direct-DC; environmental-EC; resource-RC) are analysed, introducing approaches 
for their reliable calculation. Regarding the DC, the marginal capacity cost and the necessary preconditions for its 
integration to the final water price are analyzed. Regarding EC, the role of non urban water users in creating EC is 
presented. Regarding RC, water losses are introduced as a competitive use. The role of "next more expensive solution" 
approach in defining ways for costs proper calculation is analyzed.  
© 2013 The authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the CCWI2013 Committee. 
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1. Introduction 
An attempt to analyze the components of the full cost of drinking water is being done herein. The DC is 
separated into the processes which constitute the water cycle in urban water. Also the MCC, its integration 
conditions in DC along with its contribution towards effective water demand reduction are analyzed. Actual 
DC components are separated and reallocated. The components of the urban water supply cycle are studied 
and how much their costs are related to qualitative or quantitative degradation of the water. Until today 
many of these costs were hidden inside the DC. This paper attempts to emphasize in these costs in 
accordance with the Polluter Pays Principal to propose the proper assumption of responsibility. This new 
approach changes the value of water in scarcity conditions because of the Economic Annual Real Losses 
appearance. The importance of the damage avoidance cost that overrides damage repair cost is analyzed. 
The link between the demand decreasing and quantitative damage avoidance occurs. The historic expansion 
of the WDS's supplying capacity provides data about wrong decisions from utilities that had qualitative and 
quantitative results in water resources, which increased the nowadays considered operation costs. An 
analysis of the mechanism that finds the socially just value of water, formed and balanced between the full 
water cost recovery (FWCR) and reducing water losses practices is highlighted. Also the basic 
methodological framework for an integrated action plan (in terms of successive steps) that will guarantee 
the reliable calculation of the FWC, as defined by the WFD 2000/60/EC is presented.  
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Nomenclature 
AP annual payment over n years equivalent to present value of capital expenditures 
Ci DC of WRi in €/m3. 
CAP. CH. capital charges 
CARL current annual real losses  
DAC damage avoidance cost 
DC direct cost 
DRC damage repair cost  
EARL economic annual real losses  
ED environmental damage 
FWC      full water cost 
K            volume of water billed 
Ki                debt payment or expenditure in year i  
LM mains total length 
LP total length (up to the user’s meter) 
MCC      marginal capacity cost 
NC number of service connections 
NR         natural recipient 
OM operation and maintenance 
P average operating pressure 
PV         present value of future stream of expenditures 
Qi quantity abstracted from WRi in m3/month. 
Ri natural renewal rate of WRi in m3/month. 
RC resource cost 
RC (opt.) additional RC extracted from optimized allocation among uses 
RNR rate of natural renewal 
RWTP    raw water treatment plant 
SQ (i) sum of Qi until the WRi. Q (i+1) and onwards do not add up. 
SQi sum of the abstracted quantities of all the WRs. 
SR (i) sum of natural renewal rates until WRi. R (i+1) and onwards do not add up. 
SRi the sum of the quantities which are renewed with natural rate of all WRs. 
SC (i) sum of FSCs until the WRi. The costs of WR (i+1) and onwards do not add up. 
SCi sum of the FSCs of all WRs of the WDS. 
SD total water demand in m3/month. 
SDopt optimal water demand in m3/month. 
UARL unavoidable annual real losses 
WDS water distribution system 
WR water resource 
WFD water framework directive 
WP         monthly water price 
WP (MCC) monthly water price (MCC included) 
WQIND industrial water quality  
WQINIT initial water quality 
WQPH post-human water quality  
WQSTAND standard water quality 
WQWWTP (EN)  entrance water quality of waste water treatment plant 
WQWWTP(EX)  exit water quality of waste water treatment plant 
WWTP   waste water treatment plant 
i WR identification index. It indicates the temporal order with which it was connected to the WDS 
(i)  index that identifies sums of WRs’ figures about not of all WRs, but the sum of figures until WRi. 
α water demand reduction percentage due to MCC incorporated 
n            year in which expenditure occurs  
r             interest rate 
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2. Direct cost (DC) 
2.1. Definition 
DC includes the costs a water utility pays to provide water of sufficient quantity and appropriate quality 
to its customers. These costs are the Operation and Maintenance Costs, Administrative Costs, Other Costs 
(management related) and the Annual Equivalent Capital Costs. Crucial parameters affecting the level of 
the DC and its components concern the necessary waterworks and the way the water utility operates. The 
first category includes parameters related to the characteristics of: a) the water resources being used; b) the 
water intake works; c) the water aqueducts; d) the water treatment plants; e) the water storage tanks; and f) 
the water distribution network. The second category includes parameters related to the way the water utility 
operates (e.g. speed and quality of repair works). The latter are components of DC, but an analysis of each 
component will prove that large portions of these should be considered part of the EC and the RC. 
2.2. MCC and its integration to the final WP 
In a Water Distribution System (WDS), its capacity growth and expansion are critical aspects of its 
planning, since the choice of the type, timing and size of new facilities affects the level of the related FSC. 
What happens then is to build extra capacity to meet the increased demand. Usually this extra capacity is 
consumed earlier due to the generated illusion of abundance. This forces the next project for even bigger 
capacity to start earlier than expected (Kanakoudis, 2004).  
The control efficiency of the timing stages of major new projects reveals that there are periods where 
the capacity of e.g. a water delivery network is less than the actual water demand. During such periods, 
there is an opportunity cost, the marginal capacity cost (MCC), to be considered (Griffin, 2001). The costly 
decision to increase capacity may be delayed due to the integration of the MCC in the water price leading 
to a fall in demand. Recognition of the problem leads to regular adjustments of the water price levels due to 
a change in the MCC (Mann et al, 1980). Much of the water demand literature is rooted in engineering 
rather than economics, and there is widespread belief among water managers that consumers do not 
respond to price signals. This, in conjunction with low price elasticity estimates in the literature, may have 
contributed to the predominant use of command-and-control instruments in water demand management 
(Olmstead et al, 2007). A review of the literature suggests that water demand is sensitive to price, but that 
the magnitude of that sensitivity is small at current prices. If the MCC is not known, it is sufficient to know 
the elasticity of demand to estimate the price increase that is needed to ‘freeze’ the seasonal increase in 
demand. Increased peak demand-related price levels can dramatically delay the investments for system 
capacity expansion, compared to other more inefficient methods of billing.  
2.3. Quantifying benefits of postponing expansion and integration of MCC in WP 
The benefit of postponing the expansion of supply capacity is twofold: firstly by saving money because 
of the postponement of expansion and secondary by increasing the price of water per cubic meter for a 
given consumption period. Regarding the first, the cost of new investment horizon usually five or ten years 
is placed in the category of capital costs particularly in costs of new investments. The biggest part of these 
costs is of future expansion of the water supply capacity. An amortization procedure converts the future 
stream of expansion expenditures into constant annual expansion costs. The formula used to calculate the 
present value of the planned stream of expenditures is given by Eq.(1). The annuity formula (Eq.(2)) then 
transforms the present value of the capital expenditure on expansion into an equivalent series of annual 
payment. The annual profit from postponing expansion is given in Eq.(3). 
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Regarding the price increase, which will reduce the need for expansion, is calculated using the curve of 
price elasticity of demand. MCC will be incorporated in the months with the highest demand of the year. 
The monthly benefit is given in Eq.(4) and depicted in Figure 1. 
 
                            
 
 
 
 
 
 
 
 
 
 
Fig. 1. Monthly profit of delay in capacity expansion 
3. Resource cost (RC) 
3.1. Definition 
On a practical level, according to the Directive 2000/60/EC, RC arises when water resources reserves 
exploitation rate exceeds the natural resource’s rate of renewal. This cost is conceptually defined as the 
damage created to natural stocks which took hundreds of years to be created. The impairment of 
groundwater or surface water stocks should be titrated and then cost. When water demand is not covered by 
the supply, appears an additional RC, which is an opportunity cost. This RC can be defined as the gap 
between the existing allocation and the optimal one, in water scarcity conditions and in financial terms. 
Basic directions give the assumption that the damage cost is equal to the DAC or to DRC. Taking as an 
example the case of abstracting from aquifer A and noticing that the abstraction exceeds the RNR, then for 
the first approach and avoiding damage, and facing the natural environment as a whole, it is understood that 
for the quantities exceed RNR A, water should be abstracted from another aquifer B without being 
overcome his own RNR. Water abstraction from the new aquifer B would probably be more expensive and 
the RC value for this action is written in the Eq.(5). The second option which has to do with the definition 
of DRC is more complicated. The damage will be repaired either by nature or by human actions. Natural 
repair means stopping water exploitation exceeding resources natural rate by finding another water supply 
source that creates no RC. So the DRC by nature equals DAC. Alternatively, if human takes effort to repair 
the quantitative damage, then theoretically RC shall be equal to the cost of recharging the water resource 
with water from the next more expensive source. So RC is equal to the abstraction cost from the next more 
expensive source plus the cost of recharging.  
 
)(*)( ABA CCRQRC −−=                                                                (5) 
 
In conclusion, the most appropriate method of calculating RC is the calculation of avoiding it. This can 
be achieved by finding the next more expensive resource where abstracted quantities do not create RC or 
by reducing the water demand at such quantities. The latter can occur in any rational way of reducing 
demand, with more appropriate the one of reducing the non-revenue water (NRW). In scarcity conditions 
appears an additional RC which is calculated by optimization methods. Table 1 and Table 2 show the 
aggregate size of the RC in the two potential cases, when consumption equals demand and when demand 
exceeds consumption and is not satisfied (water scarcity). 
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Table 1. RC when water supply equals water demand. 
SD=SQ 
SQ<SR SQ>SR 
Qi<Ri Qj>Rj & Qi<Ri 
Qi>Ri Qj>Rj & Qi<Ri SQ(i)<SR(i) 
SQ(i)>SR(i) 
Dopt>SR(i-1)
Dopt<SR(i-1) 
Ci<Ci-1 Ci>Ci-1 
RC=0 RC=0 RC=0 RC(DC) =(SQ(i) - SR(i-1))*(SC(i) - SC(i-1)) RC=S[(Qi - Ri)*(Cf  - Ci)] RC=S[(Qj – Rj)*(Cf  - Cj)] 
Table 2. RC when water demand exceeds water supply. 
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3.2. Historical successiveness of water abstraction and potential alternative sources 
For a full calculation of RC, two concepts are involved for the water utility. The first is the historical 
successiveness of the water abstraction resources in combination with their DCs and the second is the 
present (and in the near future) potential availability of new sources of water abstraction. The time course 
of water abstraction sources’ selection reflects the utility’s policy to expand water supply capacity. Where 
the need for expansion was because of overconsumption (including water losses), then an old RC is 
indicated. So there is RC incorporated in the DC when an expansion of the supply capacity prevented the 
creation of RC, which would be incurred if the utility remained in the old water abstraction sources.      
Knowing the potential new sources of water supply is very important because it helps the RC extraction. 
There will always be formed a list of water supply resources (current and future) including the cost per 
cubic meter of water from each source and the potential amount of water which can be supplied from each 
without creating any extra RC. 
4. Environmental cost (EC) 
4.1. Definition 
The definition of ED, will lead us to the definition of EC. ED during a human activity or set of activities 
is caused when activities themselves and their results reduce the level of environmental quality. It should be 
noted that is required a strict determination of procedures causing the degradation of environmental quality 
and their separation from the processes that cause degradation of the quantity of water resources. The latter 
helps us to identify the RC which has to do with the nature of the procedures which reduce the amount of 
water and generally overconsumption. Several consequences of ED have been incorporated by water 
utilities and are counted under their DCs. According to the WFD, these costs should be clarified, the 
already admeasured to DCs should be incorporated to EC and the EDs, which are not counted until now, 
should be recorded and calculated. Thereafter, all the phases of urban water supply and all the factors 
affecting the quality of drinking water are analyzed.  
4.2. From abstraction to discharge into recipient 
Urban water supply cycle starts from water abstraction, continues with supply, raw water treatment and 
storage, distribution and consumption, waste water treatment and finally the discharge of treated sewage 
into the natural recipient. To determine the full quantification of ED caused at every stage of water supply 
procedure, it is required an analysis and identification of damages that may be caused. Significant share of 
the ED corresponds to non-urban-water users whose activity affects the quality of both surface water and 
912   V. Kanakoudis and K. Gonelas /  Procedia Engineering  70 ( 2014 )  907 – 916 
 
groundwater, although they are not part of the water supply cycle. In this category are usually farmers, 
industrial units whose productive activity and/or their deposit of waste affect, for the worse, water quality. 
These activities may degrade the quality of the water used by the water utility, and therefore increase the 
operational cost of RWTP.  
The potential water abstraction resources are from surface water and groundwater. Also, desalination 
may be an alternative choice for areas close to the sea. The first two actions do not cause any ED and 
therefore do not have EC. The desalination process causes ED whose cost is already included in the DC (at 
least in environmentally sound desalination units). During the raw water supply, water is transferred from 
the resource to the RWTP and from there to storage tanks. It cannot be caused ED in this stage other than 
possible failure of water mains, so there are only insurance costs, as in the previous stage. In RWTP, a part 
of the operating cost constitutes EC, which is so far embedded in the DC. The part of this cost is defined as 
the expense that is paid to increase the water quality to acceptable levels imposed by the state or the utility. 
The remaining part of the total costs of the RWTP is not EC because is an initial purification that has 
nothing to do with the quality of the abstracted water but with the embellishment of water. The stages of 
storage tanks cannot cause ED. Consumers regarding their impact on the water quality that goes to the 
WWTP are divided into residential and industrial users.  Industries are required to have their own WWTP 
and after the conversion of waste water to the level of the other consumers then  must connect to the sewer, 
or after converting the quality of wastewater to the level of the natural recipient, then be discharged there. 
The ED observed in the use of water by consumers causes EC which is equal to the cost of WWTP. The 
ED caused by industrial use creates EC which is separated to the one which is undertaken by the industries 
and incorporated in their operating costs and the one which is due to the wastewater of the industries and 
ends up to the utility’s WWTP. If the water quality discharged in the natural recipient (NR) from the 
WWTP is less than the water quality of NR, then additional ED arises which is corresponding to EC. Table 
3 show the aggregate size of the EC during all stages of urban water supply cycle. 
Table 3. EC during all stages in urban water supply cycle 
Water Abstraction 
Springs Boreholes Rainfall Storage River Lake Desalination 
EC=0 EC=0 EC (possible failure) EC=0 EC=0 1. EC integrated into DC 2. Extra EC 
Water Supply EC=0 
Raw Water Treatment Primary purification Chemical purification 
Upgrade  WQPH- 
INIT 
Upgrade WQINIT-STAND 
EC=0 EC=0 EC EC=0 
Water Storage EC (possible failure) 
Water Distribution/Use EC=0 
Waste Water Treatment Industrial Waste Municipal Waste 
 Upgrade  WQIND- WQWWTP(EN) Upgrade WQWWTP(EN) – WQWWTP(EX) 
Upgrade WQWWTP(EN) – WQWWTP(EX) 
Deposition EC (event on a higher quality receiver) 
 
5. Uarl / Earl / Carl 
Regarding the water losses occurring in a pipe network due to leaks/breaks, they must be treated as an 
alternative water use causing expenses (intake/supply/treatment) instead of generating profits. The CARL 
represent the existing water losses, while the UARL equal the minimum CARL level that can be achieved, 
utilizing appropriate strategies. In any network, the UARL level in l/day can be assessed using the Eq.(6) 
(Lambert et al., 1999).  
 
PLpNcLmUARL *)*25*80.0*18( ++=                                                               (6) 
 
The EARL represents the CARL level that it would be cost-effective to reach due to reduction measures 
(Fig. 2). The EARL form a threshold (CARL down limits) resulting from a cost-benefit analysis, as the cost 
to further reduce water losses exceeds the expected benefits. Finally, when the unit water value increases, 
EARL, UARL and their difference tend to decrease (Fig. 3).  
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Fig. 2. Water Losses and ways to reduce them Fig. 3. Moving from EARL to UARL (cost) 
5.1. Existing against suggesting  full cost allocation 
The existing calculation of FWC at river basin scale for 2011 is under research in Greece after the WFD. 
It is calculated from the balance sheet of operational, maintenance and depreciation cost. The RC is 
calculated as the future loss of income due to future lack of water. The volume of extractable groundwater 
that exceeds river basin’s renewal rate is calculated. Then the acres which could be irrigated from that lost 
water are estimated. The decrease in revenue of three regional crops is calculated and comes on the average 
RC of whole river basin. Next, a portion of RC which agrees with the proportional use of underground 
water without is allocated to the summary of water utilities. Regarding EC, the construction, operational 
and depreciation cost of WWTP per water utility is estimated. Finally, at a county level, pollution from 
industrial use, agricultural activities and stabled livestock is calculated. In Table 4 the components of the 
FWC are given. 
Table 4. Components of the existing FWC. 
Direct Cost 
maintenance cost 
utility level operational cost 
depreciation 
Resource Cost (River Basin) overexploitation water use level 
Environmental Cost 
wwtp utility level 
other uses county level 
  
The suggesting methodology calculates the DC at a utility level. Under the new approach, the total urban 
water supply cost is deconstructed into sub-costs such as water abstraction, supply, raw water treatment, 
storage, distribution/use, sewage water treatment and deposition. The three types of FWC at utility level are 
also deconstructed. DC includes eleven Operation and Maintenance Costs, and three Capital Charges. Each 
one of those sub-costs has potential DC, RC and EC as to whether incur due to quantitative or qualitative 
burden. 
5.2. The mechanism that reveals the socially just value of water 
The final outcome, currently being developed by the authors, will form an Expert Decision Support 
System, where data input occur in a monthly time step, to record any time variations. Regarding the water 
losses, as the price of the water is expected to increase obeying a FWC recovery policy, the EARL 
threshold will tend to decrease approaching the UARL level (the costs of the measures to reduce the water 
losses level will tend to be more cost effective). Additionally, by reducing the water losses level, the related 
DC and RC will also decrease. As the levels of the FWC components will decrease, the water price will be 
reduced. This may affect the water-use level (depending on the water price elasticity index). If it does, the 
increased water demand will result in increased water price, forcing water use to decrease. It is expected 
that in the long run the entire system will balance to an almost-constant unit price of water. There is another 
point that should also be pointed out. As mentioned, the UARL level can be calculated from Eq.(5). This 
level depends on the mean operating pressure of the network. As this pressure drops, the UARL level will 
Pressure 
Management
Active 
Leakage 
Control
Speed 
and 
Quality of 
Repairs
Potentially Recoverable
Real Losses
Unavoidable 
Annual Real 
Losses
Pipeline 
and 
Assets
Management
Current Annual 
Real Losses
Economic Annual 
Real Losses
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follow, decreasing the NRW level. This means that less water needs to be taken from the water resources to 
meet the water demands. The steps of an action plan are as follows (Kanakoudis et al, 2011): 
 
• Assess the system’s supplying capacity  
• Monitor the entire system  
• Develop a simulation model for the entire system  
• Estimate the UARL levels  
• Form the Water Balance of the WDS and assess the NRW levels. 
• Estimate the DC, EC and RC levels based on the current total water demand  
• Determine the new (higher) WP levels based on the current FWC levels. These higher water price 
levels will result in reduced total actual water consumption  
• Determine the new (lower) water demand level and the new (lower) EARL level based on the new 
(higher) water prices set (ex-ante evaluation process). 
• Pinpoint the crucial network points for pressure management  
• Estimate the new (lower) UARL, NRW levels  
• Estimate the new (lower) DC, EC and RC. Calculate the new (lower) FWC level. 
• Determine the new (lower) WP levels based on the new (lower) FWC levels. These lower WP 
levels will ‘‘force’’ the total actual water consumption to increase due to the water-price oriented 
elasticity of demand. 
• Determine the new water demand and EARL levels based on the new water prices set. 
• Repeat steps 9–13. The system will eventually balance to its ‘sustainability level’.  
6. Implementation in the city of Kozani (Greece) 
6.1. Existing approach 
Kozani is a city of West Macedonia in northern Greece. The municipal utility serves 50,000 people 
(including the suburbs) and in 2011 supplied almost 7,000,000 m3 of potable water to urban consumers 
(without the suburbs). The FWC for 2011 was calculated for the Specific Water Secretariat of the Greek 
Ministry of Environment, energy and climate change. This analysis has been conducted at a water 
prefecture level with one or more river basins. The results of the study concerning DEYAK which stands in 
Water Prefecture of Western Macedonia (No 09) are given in Table 5.  
Table 5. Allocation between the tree FWC components at the existing approach. 
Full Water Cost 2011 (At Utility Level) 
DC 10,309,870 € EC 2,700,048 €2 RC 295,802 €2 
6.2. New approach 
Under the new approach, the total urban water supply system was deconstructed into sub-systems such 
as water abstraction, supply, raw water treatment, storage, distribution, sewage water treatment, deposition 
and administration. Also present DC for each of its fourteen potential parts was calculated. Each subsystem 
of the urban water supply may involve in any or all three of the costs of the FWC. So, hidden EC and RC 
appeared as DC parts. In Table 6, all costs in € currency are shown in detail. In water abstraction and water 
supply cost there are 3 columns. The number is the serial number of the supply resource according to the 
time evolution of its connection to the network. So, number 1 refers to abstraction cost from “Ermakia” 
springs, number 2 refers to boreholes from “Sarigkiol” area which are no longer supplying the water utility 
because of the decreased aquifer’s level. Number 3 refers to new boreholes in “Vathylakkos” region. Thus 
we see that the extra cost of OM02 between the two sources is defined as RC, while the CH02 of the 
current supply resource is entirely RC. Finally, during the process of raw water treatment a portion of all 
costs relating to the chemical treatment of quality degradation caused by third parties is EC.  
 
                                                
2 Adjusted for DEYAK 
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Table 6. Distribution among the three FWC components of the suggested approach. 
   W. Abstraction RC EC DC W. Supply S. RC EC DC 
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OM01 45,240 180,960 180,960 0 0 226,200 0 90,480 90,480 0 0 90,480 
OM02 0 868,945 1,366,037 497,092 0 868,945 0 965,485 1,127,053 161,568 0 965,485 
OM03 0 0 0 0 0 0 0 0 0 0 0 0 
OM04 0 154,537 154,537 0 0 154,537 18,602 75,837 75,837 0 0 75,837 
OM05 0 6,640 6,640 0 0 6,640 0 6,640 6,640 0 0 6,640 
OM06 0 56,600 56,600 0 0 56,600 0 22,640 22,640 0 0 22,640 
OM07 0 0 0 0 0 0 0 0 0 0 0 0 
OM08 0 1,040 1,040 0 0 1,040 0 1,040 1,040 0 0 1,040 
OM09 0 0 0 0 0 0 0 0 0 0 0 0 
OM10 0 0 0 0 0 0 0 0 0 0 0 0 
OM11 0 0 0 0 0 0 0 0 0 0 0 0 
C
A
P.
 
C
H
. CH01 0 0 0 0 0 0 0 0 0 0 0 0 
CH02 30,993 125,463 175,627 175,627 0 125,463 48,838 153,625 195,350 195,350 0 153,625 
CH03 0 0 0 0 0 0 0 0 0  0 0 
   R.W.Treatment RC EC DC W. Storage S. RC EC DC W. Distribution  S. RC EC DC 
Fu
ll 
Su
pp
ly
 C
os
t 
O
pe
ra
tio
n 
&
 
M
ai
nt
en
an
ce
 C
os
ts
 
OM01 180,960 0 72,384 108,576 135,720 0 0 135,720 1,357,200 0 0 1.357,200 
OM02 170,518 0 68,207 102,311 104,623 0 0 104,623 136,640 0 0 136,640 
OM03 0 0 0 0 0 0 0 0 0 0 0 0 
OM04 94,439 0 37,776 56,663 85,854 0 0 85,854 317,659 0 0 317,659 
OM05 6,640 0 2,656 3,984 6,640 0 0 6,640 49,800 0 0 49,800 
OM06 45,280 0 18,112 27,168 33,960 0 0 33,960 339,600 0 0 339,600 
OM07 120 0 48 72 120 0 0 120 600 0 0 600 
OM08 1,040 0 416 624 1,040 0 0 1,040 5,200 0 0 5,200 
OM09 0 0 0 0 0 0 0 0 0 0 0 0 
OM10 0 0 0 0 0 0 0 0 0 0 0 0 
OM11 0 0 0 0 0 0 0 0 0 0 0 0 
C
A
P.
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. CH01 0 0 0 0 0 0 0 0 0 0 0 0 
CH02 131,486 0 52,594 78,891 244,188 0 0 244,188 413,241 0 0 413,241 
CH03 0 0 0 0 0 0 0 0 0 0 0 0 
   S.W. Treatment S. RC EC DC Deposition RC EC DC Administration RC EC DC 
Fu
ll 
Su
pp
ly
 C
os
t 
O
pe
ra
tio
n 
&
 M
ai
nt
en
an
ce
 C
os
ts
 
OM01 1,357,200 0 1,357,200 0  0 0 0 1,176,240 0 0 1,176,240 
OM02 136,640 0 136,640 0  0 0 0 0 0 0 0 
OM03 0 0 0 0  0 0 0 120,000 0 0 120,000 
OM04 317,659 0 317,659 0  0 0 0 0 0 0 0 
OM05 49,800 0 49,800 0  0 0 0 205,840 0 0 205,840 
OM06 419,600 0 419,600 0  0 0 0 294,320 0 0 294,320 
OM07 600 0 600 0  0 0 0 10,560 0 0 10,560 
OM08 5,200 0 5,200 0  0 0 0 89,440 0 0 89,440 
OM09 0 0 0 0  0 0 0 0 0 0 0 
OM10 0 0 0 0  0 0 0 33,600 0 0 33,600 
OM11 0 0 0 0  0 0 0 803,000 0 0 803,000 
C
A
P.
 
C
H
. CH01 0 0 0 0  0 0 0 0 0 0 0 
CH02 413,241 0 413,241 0  0 0 0 225,404 0 0 225,404 
CH03 0 0 0 0  0 0 0 0 0 0 0 
 
The abstracted water was from Ermakia springs, giving seasonal water by gravity and wells in 
“Sarigkiol” area. Since 2008 new wells were drilled in “Vathylakkos” area where the water cost is 
increased. The aquifer is about 10 years at least deficient of 10 x 106 m3 due to the activity of DEI‘s lignite 
mines.The main problem, however, the water is not just the deficit balance which could be rescued by 
taking various measures. The basic problem is the fact that the lignite layers deposits at greater depth than 
the aquifers and therefore firstly the layers harboring the aquifer are mined. It is clear therefore that the 
water layers are ruined because of the extent of the mines which will cover 80% of the area of the aquifer. 
Therefore, taking into account the above, the water users of the alluvial aquifer “Sarigkiol” should plan 
alternatives and disengage from solutions affected by the mining activities of DEI. The result was an 
increased abstraction and supply cost of abstracted quantities from “Vathylakkos”, the cost of new 
infrastructure and the residual value of obsolete infrastructure in aquifer "Sarigkiol» which will not be 
depreciated. The following Table 7 shows which parts of the DC are parts of RC, due to quantitative 
damage in this natural resource.  
Table 7. Allocation between the tree FWC components at the existing approach. 
Full Water Cost 2011 
DC 9,323,950 € EC 2,952,133 € RC 1,029,637 € 
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6.3. Comparison 
Under the new method, both EC and RC components are increased with simultaneous reduction of the 
third component (Fig. 4). A large part of the old DC is RC because of the activities of another non urban 
water user. That cost’s payment should be undertaken by the electricity company, DEI. A portion of the EC 
should be undertaken by farmers etc. which contaminating the aquifer with their activity. This was 
calculated by the increase in the raw water treatment cost due to the water deterioration. 
 
 
 
 
 
 
 
 
 
 
 
             
 
 
 
Fig. 4. Comparing the FWC components applying both approaches (existing vs. new) for DEYAK 2011. 
7. Conclusions 
The three types of urban water supply cost were analyzed. The MCC, its ways of calculation and when it 
should be incorporated in the price of water were also demonstrated. It is very important to better 
approximate the cost of water and the correct determination of who pays what, to degrade the process of 
urban water sub-processes. It is observed that large parts of DC due to present or past, qualitative or 
quantitative damage are EC or RC. So these phenomena are needed to be identified and analyzed. Then it is 
very easy to calculate the costs and the responsible of such ones. 
This was implemented for the DEYAK utility and founded that changing water supply sources and 
moving to more expensive sources, increased the DC. This was due to the quantitative impairment of a 
natural resource from an electricity production company’s activity. This cost increase was EC and the 
assumption of cost should be made by the user who caused it. The EC was finally proved to be increased 
due to increased raw water treatment cost created by non urban water users. It is converted from DC paid 
by the utility, to EC paid by the polluter. 
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